1. Introduction {#sec1}
===============

Depression is a frequent mental disorder that in our age is characterized by a high level of morbidity which is expected to increase over the next 20 years. The World Health Organization has appreciated that major depression disorder will follow ischemic cardiomyopathy as the second more frequent reason of disability world widely and will become the first cause in the developing countries up to 2020 \[[@B1]\]. Especially elderly individuals show increased vulnerability for expressing depressive symptomatology, which is often related with other pathological conditions \[[@B2]\]. As the social and economic cost of depression continues to increase, it is essential to find alternative therapeutic solutions \[[@B3]\]. Among other therapeutic modalities, lifestyle habits have been related to a significant reduction of cardiovascular morbidity and mortality, especially among elderly individuals \[[@B4], [@B5]\]. Especially n-3 polyunsaturated fatty acids (PUFAs) provide a promising approach in the treatment of depression \[[@B5], [@B6]\]. Furthermore, it has been observed that populations with high consumption of fish appear to have a lower frequency of major depressive disorders \[[@B7], [@B8]\]. Clinical studies have found that people with depression n-3 PUFA administration had additive therapeutic effects \[[@B9], [@B10]\]. Moreover several randomized clinical studies have reported that treatment with n-3 PUFAs improves depression \[[@B11]\].

Recently, Ikaria island inhabitants have been recognised as having one of the higher longevity rates universally with high percentage of healthy aging. While in Europe only the 0,1% of population lives long (over 90 years old), in Ikaria island the percentage of longevity rises 10-fold in the 1% \[[@B12]\]. As Ikaria elderly population consist of an isolated rural group with established lifestyle conditions, the research of risk factors related to cardiovascular morbidity and behavioural habits that may influence this relationship seems stimulating.

The aim of this study was to investigate the impact of a diet rich in n-3 PUFAs, through high consumption of fish, on depression symptomatology in a long-lived population of elderly people.

2. Methods {#sec2}
==========

2.1. Population of the Study {#sec2.1}
----------------------------

The "IKARIA" epidemiological study has been carried out in the Province of Ikaria Island. From June 2009 to October 2009, 673 elderly above the age of 65 years old, permanent inhabitants from the above area were, enrolled into the study. Of them, 343 were females and 330 males. All participants were interviewed by trained personnel (cardiologists, general practitioners, and nurses) who used a standard questionnaire.

The study was approved by the Medical Research Ethics Committee of our Institution and was carried out in accordance with the Declaration of Helsinki (1989) of the World Medical Association. All subjects were informed about the aims of the study, agreed to participate, and signed an informed consent.

2.2. Dietary Assessment {#sec2.2}
-----------------------

Dietary assessment was based on a validated food frequency questionnaire (FFQ) \[[@B13]\]. Regarding dietary habits, consumption of 15 food groups and beverages (i.e., meat and meat products, fish and fish products, poultry, milk and other dairy products, fruits, vegetables, greens, legumes, refined and nonrefined cereals, coffee, tea, and soft-drinks) was measured through a semi-quantitative food-frequency questionnaire, in terms of weekly consumption. Based on the FFQ, all participants were asked about their usual average frequency of fish consumption. Particularly for fish intake, we coded it as follows: 0 for none or very rare, 1 for rare (i.e., \<150 g/week), 2 for moderate (i.e., 150--300 g/week), and 3 for frequent (i.e., \>300 g/week). Alcohol consumption was recorded in 100 mL wineglasses (1 wineglass = 12% ethanol concentration). All participants were asked about their usual frequency of coffee consumption (i.e., never, \<1 cup per week, 1-2 cups/day, 3--5 cups/day, and \>5 cups/day) over the previous year. Because the number of participants in the last 2 categories was small, we decided to combine them in all analyses. Consumption of various alcoholic beverages (wine, beer, etc.) was measured in terms of wine glasses adjusted for ethanol intake (e.g., one 100 mL glass of wine was considered to be 12% ethanol). Furthermore, overall assessment of dietary habits was evaluated through a special diet score (MedDietScore, range 0--55), which assesses adherence to the Mediterranean dietary pattern \[[@B4]\]. Higher values on the score indicate greater adherence to this pattern and, consequently, healthier dietary habits.

2.3. Sociodemographic and Lifestyle Variables {#sec2.3}
---------------------------------------------

As proxies of social status we recorded mean annual income during the past three years and the educational level of the participants in years of school. Current smokers were defined as those who smoked at least one cigarette per day; never smokers were those who have never tried a cigarette in their life, and former smokers were defined as those who had stopped smoking for at least one year. Occasional smokers (less than 7 cigarettes per week) were recorded and combined with current smokers due to their small sample size. For a more accurate evaluation of smoking habits we calculated the pack-years (cigarette packs per day × years of smoking), adjusted for a nicotine content of 0.8 mg/cigarette. Exposure to environmental tobacco smoke (at workplace, home, or restaurants, etc.) for more than 30 minutes per day assisted us to define people as passive smokers. Physical activity was evaluated using the shortened version of the self-reported International Physical Activity Questionnaire (IPAQ) for the elderly \[[@B15]\]. Frequency (times per week), duration (minutes per time) and intensity of physical activity during sports, occupation, and/or free-time activities were assessed. Participants who did not report any physical activity were defined as sedentary. In accordance with the standard IPAQ scoring procedures, physically active participants were classified into one of the following groups: upper tertile: "vigorous" physical activity (\>2500 MET/min/week), middle tertile: "moderate" physical activity (500--2500 MET/min/week), or lower tertile: "low" physical activity (\<500 MET/min/week). The latter category consist of the group of physically inactive participants.

The survey also included basic demographic characteristics, such as age, gender, financial status (average annual income during the past three years), educational level (years of school), and various clinical characteristics. Weight and height were measured to give body mass index (BMI) scores (kg/m^2^). Obesity was defined as a BMI \>29.9 kg/m^2^.

2.4. Clinical and Biochemical Characteristics {#sec2.4}
---------------------------------------------

Resting arterial blood pressure was measured three times in the right arm, at the end of the physical examination with subject in sitting position. People, who had blood pressure levels ≥140/90 mmHg or used antihypertensive medications, were classified as hypertensive. Fasting blood samples were collected from 08.00 to 10:00 hours. All the biochemical evaluation was carried out in the same laboratory that followed the criteria of the World Health Organization Reference Laboratories. Serum creatinine and urea were measured in serum using a colorimetric method (BioAssay Systems, Hayward, CA, USA). Renal function is evaluated by the glomerular filtration rate (GFR) which describes the flow rate of filtered fluid through the kidney. However, GFR was not available in this study, and therefore the creatinine clearance rate (C~cr~) was calculated, which is the volume of blood plasma that is cleared of creatinine per unit time. In particular, based on serum creatinine measurements, the C~cr~ was calculated using the Cockcroft-Gault formula \[[@B17]\] C~cr~ = (((140 − age) × weight)/(72 × serum creatinine)) for men, while for female gender, the result of the above equation was multiplied by 0.85 \[[@B16]\].

Blood lipid examinations (serum total cholesterol, high density lipoprotein cholesterol, and triglycerides) were measured using chromatographic enzymatic method in an automatic analyzer RA-1000. Low-density lipoprotein cholesterol calculated using the following Friedewald formula: {total cholesterol} − {HDL cholesterol} − 1/5 (triglycerides). The intra- and interassay coefficients of variation of cholesterol levels did not exceed 3%, triglycerides 4%, and HDL-cholesterol 4%. Hypercholesterolemia was defined as total serum cholesterol levels higher than 200 mg/dL or the use of lipid lowering agents. Diabetes mellitus type 2 was determined by fasting plasma glucose tests and was analyzed in accordance with the American Diabetes Association diagnostic criteria (fasting blood glucose levels greater than 125 mg/dL (7 mmol/L) or use of special medication indicated the presence of diabetes) \[[@B17]\].

2.5. Assessment of Depressive Symptoms {#sec2.5}
--------------------------------------

Symptoms of depression during the past month were assessed using the validated Greek translation of the shortened, self-report, Geriatric Depression Scale (GDS) \[[@B18], [@B19]\]. The following "yes or no" items were included in the GDS questionnaire. "*Are you basically satisfied with your life? Have you dropped many of your activities and interests? Do you feel that your life is empty? Do you often get bored? Are you in good spirits most of the time? Are you afraid that something bad is going to happen to you? Do you feel happy most of the time? Do you often feel helpless? Do you prefer to stay at home, rather than going out and doing new things? Do you feel you have more problems with memory than most? Do you think it is wonderful to be alive now? Do you feel pretty worthless the way you are now? Do you feel full of energy? Do you feel that your situation is hopeless? Do you think that most people are better off than you are?*" Responses were coded with 1 s (for positive answers) and 0 s (for negative answers) yielding a total possible score between 0 and 15. For clinical purposes, GDS scores have been used to indicate no depression (0--4), mild depression (5--10), or severe depression (10--15) \[[@B19]\].

2.6. Statistical Analysis {#sec2.6}
-------------------------

Continuous variables are presented as mean values ± standard deviation or standard error, while categorical variables are presented as absolute and relative frequencies. Associations between categorical variables were tested by use of contingency tables and chi-squared test. Correlations were evaluated by calculation of the Pearson correlation coefficient for the normally distributed variables and by the Spearman correlation coefficient for skewed variables. Comparisons of continuous variables between fish-consuming groups were performed by the use of ANOVA, using post hoc analysis, after correcting the probability (*P*) value for multiple comparisons using the Bonferroni correction rule. Moreover, logistic regression analysis estimated the odds of having GDS \> 4.0 (median value) by fish intake group (i.e., never/rare, \<3 times per week, and \>=3 times/week), and controlling for various potential confounders. Results are presented as odds ratios and 95% confidence intervals. Hosmer-Lemeshow test evaluated goodness-of-fit. All reported *P* values were based on two-sided tests. Statistical Package for Social Sciences software, version 14.0 (SPSS Inc., Chicago, IL, USA), was used for all the statistical calculations.

3. Results {#sec3}
==========

3.1. Demographic and Clinical Characteristics {#sec3.1}
---------------------------------------------

During the survey 96% of the participants reported that they consume at least one unit of fish per week (more than 80% of them reported that they consume small lean fishes, like sardines, goatfish, giltheads, tope etc.). Additionally, the majority of them (i.e., 80%) reported that they have the same dietary habits for at least a decade. [Table 1](#tab1){ref-type="table"} presents several demographic, clinical, and behavioural characteristics of the participants among sexes. In particular, males showed higher education level, higher levels of physical activity, higher prevalence of diabetes mellitus, lower prevalence of metabolic syndrome, and higher fish and alcohol consumption, compared to females.

Several demographic, clinical, behavioral, and biochemical characteristics of the participants among levels of fish consumption are presented in [Table 2](#tab2){ref-type="table"}. In particular those who had high rates of fish consumption were more frequent males, showed closer adherence to Mediterranean type of diet, and had lower depression rates.

The distribution of clinical, biochemical, and anthropometric characteristics of the participants according to their depression status is presented in [Table 3](#tab3){ref-type="table"}. Those with the high rates of depression, according to the GDS scale, showed lower levels of physical activity, were less frequent males, had higher levels of hypertension and diabetes mellitus, and consumed less often fish, compared to those in the lower levels of depression.

In order to evaluate the impact of fish consumption on depression status, we performed a multivariate logistic regression analysis, after adjustment for several cofounders, like age in years, sex, smoking status, physical activity status, hypertension status, hypercholesterolemia status, obesity, diabetes mellitus, MedDietScore, and history of cardiovascular disease. The analysis revealed that compared to never or rare fish consumers people who ate 3 or more times per week fish (i.e., \>300 g) had 66% lower likelihood of having GDS levels above the median value ([Table 4](#tab4){ref-type="table"}).

When the analysis was stratified by gender, the association between fish consumption and depressive symptomatology remained similar in both sexes.

4. Discussion {#sec4}
=============

In this study is observed a relationship between fish consumption and depression in an elderly population, as frequent fish consumption seems to have beneficial effect on depression mood in elderly individuals. This association remained significant even after various adjustments were made, including obesity, diabetes, lipidaemia, smoking habits, hypertension, physical activity, sex, age, Mediterranean diet score, and cardiovascular disease. In particular, consumption of 300 g of fish on weekly basis was associated with about 66% lower likelihood of having depression levels above the median value of the GDS score for this population.

Fish consumption has been associated with lower prevalence of depression. A recent meta-analysis confirms that depression is related with lower levels of total n-3 PUFAs and both members of n-3 PUFAs, EPA, and DHA \[[@B20]\]. The findings of this survey extend the results from a number of studies that n-3 PUFAs are of a great significance in depression. In fact, a large cohort study, the Rotterdam study, that involved 3884 elderly adults, showed relation between the type of fatty acid composition and depressive disorders in elderly \[[@B21]\]. Moreover, Féart et al., in a cross-sectional study that consisted of 1390 elderly subjects, observed significantly lower plasma EPA in the elderly group with depression than in control subjects \[[@B22]\].

The mechanism of n-3 PUFAs effect on depression is still unknown. PUFAs are mainly separated in n-3 and n-6 groups. Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are the most important bioactive components of n-3 PUFAs; they are not effectively synthesized in human body and must be obtained mainly from the diet not synthesized in the human organism and can be obtained only from the diet, mainly with the consumption of fatty fish \[[@B8]\]. DHA is the main n-3 PUFA in the brain \[[@B9]\] and is correlated with the stability of membrane of the nervous cell and the functions of serotonin and dopamine transmission, which might explain some of the clinical manifestations of depression \[[@B5]--[@B11]\]. In fact, one of the most promising hypothesis is that n-3 PUFAs have a positive impact in the altered membrane microstructure and also improve neurotransmission in patients with depression \[[@B23]\]. Moreover, Delion et al. support that altered brain fatty acid concentration, due to prolonged dietary n-3 PUFAs deficiency, modifies serotonergic and dopaminergic neurotransmission and causes an increase in 5-HT~2~ and decrease in D~2~ frontal cortex receptor density in rat brain \[[@B24]\]. This upregulation of 5-HT~2~ receptors is thought to play a role in the pathophysiology of depression.

Furthermore, depression symptomatology has been linked with increased inflammation process, as cytokines synthesis and release activate the inflammatory response system and provoke neuroendocrine changes that are interpreted by the brain as being stressors, leading to a hyperactivity of the hypothalamic-pituitary-adrenal axis and contributing to the development of depression \[[@B25], [@B26]\]. Previous population studies have illustrated the association between and heightened expression of inflammation and coagulation markers implicated in the pathogenesis of atherosclerosis \[[@B27]\]. Additionally, fish consumption has been linked with decreased expression of circulating inflammatory markers, indicating a possible cardioprotective effect \[[@B28]\].

Depression symptomatology has been also linked with physical inactivity and unhealthy lifestyle habits, like smoking and diet \[[@B29]\]. In our study, those elderly participants with the higher rates of depression were more females, had lower education status, higher prevalence of diabetes mellitus, inactivity status and known history of cardiovascular disease, and lower weekly fish consumption, while there was no difference in adherence to Mediterranean type of diet, and smoking habits, compared to those in the lower tertile of depression score. On the other hand, high fish consumption was related with the lower rates of depression, male gender, greater adherence to Mediterranean diet, and improved renal function. The role of physical inactivity and poor dietary intake has been illustrated in recent studies in elderly population, where they have been related with depressive symptomatology and mortality \[[@B30], [@B31]\]. In our study late-life depression showed an independent reverse association with fish intake, irrespective of total dietary habits, physical activity, and smoking status. This may be attributed to the observed lower prevalence of smoking and the higher prevalence of physical activity and adherence to healthy dietary patterns, in this elderly population, compared to urban population from previous studies \[[@B27], [@B28]\]. This finding strengthens the beneficial role of at least moderate fish consumption on mood disturbances in elderly population.

5. Limitations {#sec5}
==============

Some limitations in our study may exist. For example, the design of the study is cross-sectional, and therefore we cannot make assumption for causal relationships. Fish intake was evaluated by self-reports through food frequency questionnaires, and therefore, information about the amount of fish consumed could be over- or underestimated. Another limitation is the small number of individuals who consumed \>300 g/week of fish. There was a lack of exact quantification of type of fish consumed (i.e., small or fat, fresh or freeze), but in this country we mainly consume small lean fish, which is also inexpensive. There was lack of measurements of n-3 and n-6 fatty acids.

6. Conclusion {#sec6}
=============

This study revealed that long-term intake of fish was associated with significant lower likelihood of having depression symptomatology above the median values, in elderly general population. As elderly individuals show increased vulnerability for expressing depressive symptomatology, which is often related with other pathological condition and the social and economic cost of depression continues to increase, it is essential to find alternative therapeutic solutions. Dietary intervention enriched with fish consumption may be proved useful in lowering the burden of morbidity related to depression in elderly population.
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###### 

Characteristics of the study\'s participants.

                                           Men *n* = 330   Women *N* = 343   *P*
  ---------------------------------------- --------------- ----------------- ------
  Age (years)                              75.36 ± 7       75.5 ± 6          .72
  Current smokers (%)                      23              11                .001
  Education level (years of school)        8.6 ± 3.6       7.3 ± 3           .001
  Body mass index (Kg/m^2^)                28.0 ± 4.0      28.5 ± 5          .146
  Physical inactivity (%)                  12              20                .007
  Hypertension (%)                         69              75                .08
  Hypercholesterolemia (%)                 62              69                .08
  Diabetes mellitus (*n*, %)               32              25                .05
  Waist circumference (cm)                 105 ± 11        102 ± 13          .007
  Obesity (%)                              29              30                .72
  Metabolic syndrome (%)                   52              63                .007
  Cardiovascular disease                   23              19                .17
  GDS score (0--15)                        3.26 ± 3        4.8 ± 3.5         .001
  MedDietScore (0--55)                     37.9 ± 2.8      38 ± 3.6          .77
  Fish consumption (times per week)        2.7 ± 2.2       1.87 ± 1.5        .001
  Alcohol consumption (%)                  74              46                .001
  Alcohol intake (wine glasses per week)   13 ± 11         6.4 ± 6           .001
  Total Cholesterol levels (mg/dL)         192 ± 42        203 ± 39          .001
  Glucose levels (mg/dL)                   110.2 ± 33      106 ± 34          .11
  Triglycerides (mg/dL)                    147.6 ± 87      132.8 ± 56.2      .01
  HDL-C (mg/dL)                            44 ± 10         49.7 ± 11         .001
  LDL-C (mg/dL)                            120.7 ± 33.4    126.7 ± 32.7      .019
  Creatinine Clearance (mL)                72.2 ± 22       64.7 ± 20.6       .001
  Systolic Blood Pressure (mm Hg)          144.3 ± 19.4    142.8 ± 20.4      .34
  Diastolic Blood Pressure (mm Hg)         80.3 ± 11.2     78.9 ± 11.6       .14

###### 

Demographic, behavioral, and clinical characteristics, by fish consumption frequency.

                                          Fish consumption                                          
  --------------------------------------- ------------------ ------------ ------------ ------------ -------
  Number of participants                  26                 76           326          222          
  Age (years)                             75.5 ± 7.5         75.5 ± 6     76 ± 6.5     75 ± 6.5     .408
  Body mass index (kg/m^2^)               27.3 ± 4.6         27.9 ± 4.5   28 ± 4.2     28.5 ± 4.5   .330
  Current Smoking habits (%)              18                 26           15           16           .460
  Education status (years)                6.8 ± 3.6          7.5 ± 3.6    8 ± 3.6      8 ± 3.5      .701
  IPAQ                                    1.96 ± 0.6         1.96 ± 0.6   2 ± 0.6      2.2 ± 0.6    .249
  Male gender (%)                         40                 46           47           55           .056
  Hypertension (%)                        51                 45           45           45           .347
  Hypercholesterolemia (%)                46                 47           48           46           .550
  Diabetes (%)                            22                 25           29           29           .747
  Creatinine Clearance (mL/min)           70.3 ± 18          70 ± 22      66 ± 20      71 ± 22      .088
  History of Cardiovascular disease (%)   30                 20           21           16           .526
  Total Cholesterol (mg/dL)               195 ± 35           195 ± 40     198 ± 40     195 ± 40     .911
  HDL-C (mg/dL)                           45 ± 8             47 ± 13      46 ± 10      46 ± 10      .596
  LDL-C (mg/dL)                           126.5 ± 31.5       121 ± 33     123 ± 34     124 ± 33     .870
  Triglycerides (mg/dL)                   150 ± 70           134 ± 63     137 ± 70     147 ± 65     .731
  GDS score (0--15)                       5.6 ± 3.5          5 ± 3.3      4.1 ± 3.5    3.2 ± 2.8    .0001
  MedDietScore (0--55)                    32 ± 4.2           35.6 ± 3.6   37.6 ± 2.6   39.4 ± 2.2   .0001

Data are expressed as mean ± standard deviation.

###### 

Demographic, behavioral, and clinical characteristics, by depression status.

                                          GDS score; depression status                              
  --------------------------------------- ------------------------------ ------------- ------------ ------
  Number of participants                  381                            243           26           
  Age (years)                             74 ± 9                         74 ± 7        77 ± 7       .256
  Body mass index (kg/m^2^)               28.3 ± 4                       28.4 ± 4      28.1 ± 4     .967
  Current Smoking habits (*n*, %)         18%                            18%           15%          .948
  Education status (years)                8 ± 4                          8 ± 4         6 ± 3        .038
  Physical inactivity (%)                 89                             86            75           .001
  Male gender (%)                         57%                            42%           19%          .001
  Hypertension (%)                        68                             74            71           .199
  Hypercholesterolemia (%)                66                             69            54           .253
  Diabetes mellitus (%)                   26                             32            42           .062
  Creatinine Clearance (mL/min)           72 ± 24                        69 ± 24       64 ± 21      .201
  Systolic Blood pressure (mm Hg)         143 ± 19                       144 ± 22      140 ± 20     .467
  Diastolic Blood Pressure (mm Hg)        79 ± 12                        80 ± 12       75 ± 10      .177
  History of Cardiovascular disease (%)   19                             21            42           .031
  Total Cholesterol (mg/dL)               196.6 ± 42                     199 ± 40      199 ± 45     .557
  HDL-C (mg/dL)                           46 ± 11                        47 ± 12       45 ± 13      .582
  LDL-C (mg/dL)                           123 ± 34                       125 ± 33      115 ± 33     .341
  Triglycerides (mg/dL)                   139 ± 79                       142 ± 67      148 ± 74     .781
  Fish (times/week)                       2.64 ± 2.1                     2.28 ± 1.84   1.95 ± 1.5   .001
  MedDietScore (0--55)                    34.81 ± 3.5                    34.9 ± 3.2    35 ± 3.3     .736

Data are expressed as mean ± standard deviation.

###### 

Logistic regression analysis of fish consumption on depression status (GDS \> 4).

                                    Odds ratio   95% confidence interval
  --------------------------------- ------------ -------------------------
  Fish consumption                               
  * Never/rare (ref. category)*     1            
   \<3*times/week*                  0.64         0.37--1.1
   \>=3 *times week*                0.34         0.19--0.61
  Age (years)                       0.99         0.96--1.02
  Sex (male)                        0.44         0.3--0.65
  Current smoking habits (yes/no)   1.031        0.61--1.72
  History of CVD (yes/no)           1.07         0.67--1.7
  Physical activity (yes/no)        0.39         0.22--0.7
  Body mass index (per 1 kg/m^2^)   0.99         0.95--1.46
  Hypertension (yes/no)             1.24         0.8--1.93
  Hyperlipidaemia (yes/no)          0.21         0.86--1.98
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